Introduction.
In the course of a general study of the inheritance of body size in Drosophila melanogaster, by means of selection and chromosome analysis, many crosses have been made between strains and inbred lines of similar and also widely differing body size. In some cases these crosses were more or less incidental to other aspects of the work and this limits the variety of available comparisons between different sorts of cross. However, it is of some interest to bring these data together, since the size of the F~ in relation to the size and degree of inbreeding of the parents, amplifies the evidence on the genetic control of body size, derived from more analytical experiments, provides further information on inbreeding and heterosis, and generally directs attention to the problems of interpreting what appears as dominance in crosses.
Material.
The flies used in these experiments are derived from one or other of five wild stocks, known as "Nettlebed", "Edinburgh", "Crianlarich", "Renfrew" and "Ischia", each of which was descended from a wild impregnated female and maintained in the laboratory in large populations. The types of cross which have been carried out fall into three groups, as follows: 1) Between strains selected for long or short thorax length, before the response to selection had ceased and also, when forward selection no longer led to any progress. At this later stage, reversal of selection in the large strains demonstrated the presence of a great deal of genetic variability, but the small strains behaved as if they were homozygous with respect to size, since reversal of selection was ineffective.
2) Between unselected inbred lines.
3) Between inbred lines derived from selected strains after selection progress had ceased.
Crosses noted under (1) were compared with strains derived from the Crianlarich, Ischia and Renfrew stocks in mass-selection experiments which will be described in detail elsewhere. Selection was carried out by mating together the 20 extremes from 100 flies of each sex, every generation, a large and small strain being established in this way from each stock. Progress under selection continued for 12--15 generations upwards and for 16--20 generations downwards,
• Members of the Agricultural Research Council Scientific Staff. after which reverse selection tests suggested that the large strains retained considera~te genetic variability and the small strains little or none. Lines inbred from some of these selected strains together with inbred lines from the Nettlebed and Edinburgh selection experiments (ROBERTSON and REEVE 1952a) provided the material for the third group of crosses. For the second group the lines were obtained by long inbreeding from the different stocks.
Since wing and thorax length are generally highly correlated with body size, discussion is mostly confined to thorax length. Mean size and variance of the parent strains and crosses are based on a sample of 30--50 flies drawn equally from 6--10 replicated cultures. Methods of culture, measurement, etc. have been fully described elsewhere (ROBERTSON and REEVE 1952a) . Only females have been studied, to avoid having to deal with sex linkage, which is irrelevant to the problems considered here. In almost all cases reciprocal crosses have been carried out, and the progeny of the reciprocal matings have been combined. All measurements are expressed in 1/lO0 mm. A logarithmic or multiplicative scale seems most appropriate for analysing size variations; but the size range is small compared with average size, and the use of a logarithmic scale would not have any noticeable effect on the results of the analysis (RoBERTSON and REEVE 1953) .
Description o/the crosses. a) Crosses between non-inbred strains.
The crosses between the selected strains will be described first and the results will then be compared with the crosses between inbred lines. While all strains were still responding to selection, all possible crosses have been carried out between the large, small and unselected strains of different origin, both within and between strains. Since there were many crosses and the measurement of so many flies is no small labour, the crosses were distributed between three experiments made in successive generations, each of which dealt with a symmetrical group of crosses, in which strains of different origin were equally represented. The parents were derived from generations 8, 9, and l0 in the Renfrew and Ischia, 10, 11 and 12 in the Crianlarich series. All the selected and unselected strains were reared along with the crosses in each experiment, and it is therefore possible to compare the size of the former in terms of deviation from the unselected stocks, a procedure which minimises the importance of slight environmental, especially temperature, differences between separate experiments. Although the Crianlarich strains were a generation ahead of the others, the three large strains and the three small strains were very similar in thorax length in each experiment, while the three unselected stocks were almost identical in thorax length. Hence the average deviation of the selected from the unselected strains provides a good indication of the changes produced by selection. Table 1 shows that the small strains deviate from the level of the unselected more than the large, a comparatively frequent occurrence in selection experiments. Also, the mean deviation is progressively greater in consecutive experiments, due to the parents being drawn from successive generations of selection.
Strains of similar size also resemble one another in variability. The average within-culture variability, expressed in squared coefficients of variation, is set out in Table 2 . Flies descended from selected parents of successive generations of selection show a progressive increase in variability and there is little doubt that this is related to corresponding changes in mean size due to selection. The error variance for each group of experiments is based on the separate calculation of average components of variation due to variation within and between cultures. This gives a standard error which is a little too low for small strains and a little too high for the others, but the results arc 
For ease of reference, the unselected, large and small strains are referred to as U, L and S. The types of cross carried out in the three successive experiments were as follows. Experiment 1. Between strains of approximately equal size, i.e. L × L, U × U and S × S (Table 3) . Experiment 2. Between large and small strains, L × S, of related and unrelated origin (Table 4) . (Table 5) .
Finally experiment 1 was repeated when the selected strains had ceased to make further progress under selection (Table 6) . b) Results. The chief interest of these crosses is in showing the position of F 1 size in relation to mid-parent size and tables 3--6 give the deviations (Fi--M.P.) and their statistical significance; single and double asterisks indicate significance at the 0.05 and 0 01 levels of probability. The tables bring out the following points. 1) Table 3 shows the results of crossing strains of similar size. When either unselected stocks or large strains of different origin are intercrossed, the F 1 does not differ significantly from the mid-parent level, although in crosses between large strains there is a tendency to a positive deviation. But when the small strains are inter-crossed, the F1 significantly exceeds the mid-parent value, and these crosses provide a clear contrast with the others.
2) In crosses between large and small strains, summarised in Table 4 , the F 1 deviation is positive whether the strains are related or not. But the Ischia small strain differs from the other small strains in giving a consistently larger F 1 deviation. Such characteristic behaviour is Table 5 Crosses o/ unselected with large and small strains.
not attributable to this (a) Small parent strain being smaller than the others, since the three strains are very similar in size.
3) When the small strains are crossed to Unse- (Table 5a ), the same characteristic difference in their behaviour is seen. With one exception (R × R), the F 1 significantly exceeds the mid-parent size, but the deviation is greatest in crosses which involve the Isehia small strain. In the crosses between unselected and large strains (Table 5 b) , there is a general tendency for the deviation to be positive although only in the crosses, R × R, and 1~ × I, is the deviation significant. Comparing tables 4 and 5 we note that the deviation F1--M.P. is generally greater when the small strains are crossed to the unselected stocks (average 2.08) than when they are crossed to the large strains (average 0.96). The difference between these two averages seems too great to be explained by the fact that one generation of selection intervened between the two sets of crosses. Further information is provided by crosses between similarly selected strains after response to selection had ceased (Table 6 ). In the large strains these crosses were carried out after 19 generations of selection in the Crianlarich and after 17 in the Renfrew and Ischia strains. Since the selection for small size was effective over a longer period, the crosses between small strains occurred after 27 generations in the Crianlarich and 25 in the other strains. As noted earlier, at the time of these crosses, the large strains retained considerable genetic variability, unlike the small strains which behaved as if they were homozygous with respect to size. The F 1 is larger than the mid-parent size in all cases, but the absolute deviation is considerably greater in the crosses between small strains, as shown in Table 6 . We again find that the crosses involving the small Ischia strain show the greatest deviation. It happens that the average deviation of the F 1 from the mid-parent level, expressed as a percentage of the deviation of the parent strains from the unselected size, is roughly the same, i. e. 30 and 37 % in the crosses between the large and between the small strains; but it is not clear whether there is any special significance in this fact, particularly in view of the contrast in the amounts of genetic variability remaining in the large strains compared with the apparent homogeneity of the small strains.
The most consistent feature of these crosses is the evidence for assymetry in the direction of larger size. Whenever the F 1 deviates significantly from the midparent level it does so in a positive direction, while less significant deviations show the same trend. The greatest deviation occurs when small strains are used as one or, especially, as both parents. Crosses between large and unsetec~ed strains give an intermediate F1, close to the mid-parent value, while crosses between unselected or between large strains show no significant deviation, although there is some suggestion of a positive deviation in the crosses between the large strains. Whether the parent strains are related or not appears to make no difference to the F a relative to the size of the parents. Repetition of the cross between similarly selected strains at the end of the experiment leads to positive deviations in all cases, the deviations are significant for the crosses between large strains, and of greater magnitude than the earlier crosses in the case of the small strains. In general, later crosses between unrelated strains demonstrate mere clearly tendencies which were apparent at earlier stages of selection. Finally the crosses between large and small strains, whether related or not, show comparatively little departure from strict intermediacy, except where the small Ischia strain is used as one of the parents. Although the differences in size, between the parent unselected and small strains, is less than that between large and small, the Fa deviation is less in the second type of cross.
Crosses between un~elected inbred lines.
When sustained inbreeding is carried out in wild stocks, there is generally a decline in size, the degree of which, however, appears to be rather variable. The inbred lines were all taken off the various wild stocks shortly after they were established in the laboratory, and we cannot be certain that the wild stocks have not changed in size since that time. This makes it difficult to obtain satisfactory estimates for the effects of inbreeding on size, since an objective standard is lacking. Nevertheless different wild stocks, kept in the laboratory, are very similar in size when reared under similar, optimal conditions, and, with the above qualification in mind, the best we can do is to base estimates of inbreeding decline on the average deviation between such stocks and different inbred lines. Many records are available, over several years, of the size of various wild stocks as well as of lines descended from them. Since these estimates were made at different times, often as part of other experiments, it is impossible to reduce them all to a common basis in terms of deviation from a control stock. However a general impression of the effects of inbreeding can be gained from the list of mean sizes quoted in Table 7 . Since many of these lines were reared separately, minor differences of temperature etc. will contribute a little to the differences between them, but they can be assumed to give a fair indication of the extent of the variation in size to be expected among inbred lines. Table 7 also shows the average wing and thorax length for all the inbred lines, and for a number of their crosses together with the average of 10 estimates of the size of each of the wild stocks from which they are derived. Bearing in mind the possibility that the wild stocks may have changed in size during the period of laboratory culture, inbreeding appears to have led to an average reduction of at least 5% in wing length and 2.5% in thorax length, while the F 1 returns approximately to the wild stock level in the case of thorax length and remains below it for wing length. There are slight differences in the wing/thorax ratio in different wild stocks, and since the genetic correlation between the two dimensions, although high, is not complete (I~EEVE and ROBERTSO~ 1953) , slight differences in the ratio are to be expected between inbred lines. Comparison of the ratio in wild stocks with the related inbred lines sug~ gests that a reduction of the ratio has accompanied inbreedir g in the Edinburgh and Crianlarich series, but the available comparisons are too few to draw any conclusions in the others.
When inbred lines from unselected stocks are crossed, the F 1 always exceeds the midp~rent level, generally The estimate of the average size of crosses between inbred lines is based on 14 such crosses between lines of related and unrelated origin. Table 8 . Crosses between unselected, inbred lines --thorax length.
Ca x C9 0.9 2.1 E 3 x C10 0.3 1.7 C 2 × C a 2.6 1.5 E3 X Ca 1.4 2.6 C~ x C a 3.5 1.6 N~ x 1~ 2.1 2.5 E 2 x E 3 4.1 2.1 1~ 1 x C m 3.3 2.9 R, x 1~ 2 5.9 4.3 E 2 × C10 3.8 2.3 N~ × N 2 7.9 5.0 E 2 x C a 5.6 3.5 P1, P2 and M.P. refer respectively to the larger and smaller significantly so. Crosses parent and the mid-parent size. between lines derived from the same and different stocks, summarised in Table 8 , behave in a very similar manner and may be treated as a homogeneous group. There appears to be a distinct tendency for the F 1 deviation to increase, as the difference between the parent lines becomes greater; the regression of the deviatiou on parental difference is 0.396 ± 0.092 which is nearly 0.5, or in other words, the difference between F 1 and P~--the larger parent is approximately constant. The deviations between F 1 and 1)1 are tabulated opposite the appropriate value of 1)1 in Table 9 ; the comparisons are divided into 3 groups according to the size of 1)1. There is no evidence of a trend and the average value of the deviations in the three groups are very similar. Thus, in these crosses, the size of the larger parent appears to be the chief determinant of F 1 size, and the size of the smaller parent seems unimportant. We m a y now consider crosses between lines which differ to a greater extent than in the cases just considered. Inbred lines have been taken off most of our selected strains, generally when response to selection had ceased, and these have been crossed together, or crossed to inbred unselected lines, in various ways. Table 10 summarises the results of the crosses between inbred selected and unselected lines of different size (i. e. large × unselected, large × small and unselected × small lines). With all these crosses there is a considerable difference in size between the parents and it is therefore of particular interest to examine the position of the F I with regard to the parent and mid-parent sizes. Table 10 shows the size difference between the parents (P1--P2 where P1 is the larger parent), the absolute deviation (F1--M.P.) and the relative deviation or dominance ratio: F1--M.P. ~=(pl_p~ ) The ratio will, of course, be 1.0 for complete dominance and 0 for strict intermediacy. I n the table, the symbols L and S indicate lines inbred after selection for large and small size, while other letters refer to the wild strain involved. Subscript numerals indicate different inbred lines of the same origin and the unselected inbred lines of each group are arranged in order of decreasing size.
I n both the Crianlarich and Renfrew series, we can compare the effect of crossing two or three unselected inbred lines, generally differing in size, to a single large or small, selected line. Considering first the crosses to the large lines, Table 10 suggests that large, rather than smaller, unsclected lines, when crossed to a single large line, favour greater F 1 deviations and a higher degree of dominance. The indication that the greater the difference between the parents the less the departure from intermediacy in crosses involving large lines as one parent, is supported by the 'cross between the large and small lines of either Crianlarich or Renfrew origin, in which the parental difference is respectively 20.4 and 25.8 units and the departure from intermediacy is very slight. The crosses between the unselected and small lines suggest that large F 1 deviations, and a high level of dominance is most likely to occur when unselected parents are drawn from a relatively small line. This is particularly clear in crosses which involve R~, N 2 and E 2 --all comparatively small lines, compared with the larger lines: C2, Cs, Cg and R 1. Support for the existence of regularity is provided b y evidence from the crosses between the mass selected strains. There it was found that the crosses between strains which differed most in size, i. e. large × small, produced an intermediate F~, --reminiscent of the parallel crosses between the present inbred lines, while significant F 1 deviations occurred when small strains were crossed with the unselected stocks. The general implications of these findings will be discussed later, after we have considered variability in the different lines and crosses, since there is an advantage in considering all the data together. The table also quotes the results of crosses between different inbred lines descended from the l~enfrew and Ischia strains selected for large size, i. e. LR1 × LR~ ; LI~ × LI. These four lines are appreciably larger than the unselected stocks but, in terms of deviation from the latter, are smaller than the corresponding selected strains, from which they were derived after selection had failed to produce further advance. The F 1 in both cases considerably exceeds the size of either parent, and is approximately similar in size to that of the original selected strain. Also shown in the table are the crosses between the different strains selected for small size, after they had attained an apparently homozygous condition; as noted earlier they all show striking heterosis. It is instructive to bring the results of the different types of cross together in one diagram ( fig. 1) .
The various crosses provide consistent evidence of a uni-directional departure of the F 1 from strict intermediacy in favour of the larger parent. The F 1 is never less than the mid-parent value, and, in crosses between inbred lines, generally exceeds it significantly, especially in crosses between small lines. Inbreeding causes a variable decline below the level of outbred stocks and crosses between such lines generally take the F 1 to within the normal range of variation encountered in wild stocks. On the simplest view, these observations might suggest dominance in the direction of larger size, and the F 1 deviation could be attributed to summation of the independent effects of dominance a~ a number of loci. Although, as noted in the Introduction, the present series of crosses are only partly analytical in design, they nevertheless present serious difficulties for this interpretation. For example, if the uni-directional bias is due to dominance, then selection should lead to an accumulation of dominant alleles in the large z. Vererbungslehre. Bd. 86. 29 FORBES W. ROBERTSON a n d E. C. R. REEVE:
,va strains and a reduction of their frequency in the small strains. Hence we might expect a greater F 1 deviation in crosses between large and small strains than in crosses between the unselected and small strains; but we have seen that the reverse is true (Tables 4 and 5a ).
Cr/a n la An even greater difficulty is presented b y the crosses between the unselected inbred lines and respectively the large and small selected inbred lines, as well as the crosses between the latter. Using the convenient measure of the "domil.// nance ratio" 2 × (Fz--I~LP. } correlation, so that the nearest approach to intermediacy occurs in crosses between the large and small lines of Crianlarich and Renfrew origin, which differ respectively by 20.4 and 25.8 units. Crosses between lines of about the same size, whether large, unselected or small, generally have a positive deviation (Fz--M.P.), so t h a t they would give very large dominance ratios with small values of (P1--P£). If these crosses were added to figure 2, the relationship between the parents would appear to be roughly hyperbolic, of the form x y = K, a constant, where K turns out to be 2(Fz--M.P. ). A glance at Table 10 shows that the F 1 deviation (F1--M.P.) is not strictly constant for the different crosses, but that its variation is small compared with that of (P1--P~) and that it shows little correlation with the latter. Figure 2 apparently reflects these facts.
Evidently the simple hypothesis of independent effects of more or less dominant alleles cannot fit our results, and the same difficulties would obviously apply to the hypothesis of over-dominance.
Variability.
Only the variation within cultures is considered here since it constitutes a much greater portion of the total variation than that due to variation between cultures. Variability is expressed in squared coefficients of variation. Dealing first with ~he selected strains, comparison of Table 11 with Table 2 (Table 11) variability dissimilar the F 1 generally resembles the parents when the latter are approximately U× S similar in variability, as in crosses of L × S the type: U×U, U×L, L×L and S × S. But when the more variable small strains are crossed to large or unselected parents, the F 1 is less vari- The discrepancy between the variabilities quoted for the same strain is due to the three stages in which the various crosses wero carried out. able than the average oi the parents, and more closely resembles the larger strain.
The variability in the final crosses between similarly selected strains is shown in Table 12. Comparison of this table with Table 2 , suggests that the unselected stocks are less variable in the later experiments, but this difference may be of environmental origin and is probably unimportant. More significant contrasts appear in the variability o~ large and small strains, for in these later tests, the variability of the large strains exceeds that of both the unselected and small strains, while the latter are now as variable as the unselected stocks. The increased variability of the large strains is doubtless connected with the ineffectiveness of continued selection in spite of considerable genetic variability, suggesting the selection of heterozygous combinations; this will be discussed in more detail elsewhere. Since there is good evidence that the small strains lack genetic variability for size, some decline in their phenotypic variability is to be expected. But they are actually as variable as the highly heterozygous wild stocks, thus providing further examples of the increased sensitivity to environmental conditions, which has been reported for other small lines and inbred lines generally (ROBERTSON and REEVE 1952b) . 29* Further evidence of this phenomenon appears in the variability of inbred lines and their crosses, set out in Table 13 ; the F1 is consistently less variable than the parent lines. The reduction in variability is least in crosses between large lines, but since only two such crosses are available, it is uncertain how far this reflects a genuine trend in relation to the size of the parent lines. The comparisons between the unselected stocks and the crosses between respectively the different large and small strains were carried out at different times. The attributes of an individual, in relation to the attributes of its parents, provide the initial facts in any study of inheritance. It is customary to describe a situation in which the progeny more closely resembles one parent as exhibiting dominance. The concept of dominance is derived from the behaviour of alleles at a locus, in genetic situations where the salient differences between parents and offspring can be attributed to variation at a single locus and where other genetic differences are unimportant. In the study of mutant genes which affect morphology, pattern, colour, etc. there is usually not much risk of confusion in understanding the origin of the observed differences. But when we deal with continuously varying characters like size, in which genetic variation is due to the segregation of alleles at many loci, the occurrence of deviations from intermediacy raises considerable problems of interpretation. If we are satisfied that a given deviation is not an artefact of scale and reflects a biologically valid effect, then various interpretations are available.
As a first approach it is reasonable to carry over the concepts derived from the known behaviour of alleles at single loci, and attribute such deviations to summation of independent effects at a number of loci. This, of course, is the basis for the most widely held theory of heterosis. When inbreeding leads to a decline in size, vigour or fertility and outcrossing restores the normal level, there is evidently a uni-directional tendency which has been correlated with the occurrence and direction of dominance at many loci. On the other hand, there is the alternative view that such heterosis rests primarily on over-dominance, such that the presence of unlike alleles confers an advantage compared with either of the homozygous combinations and that the observed deviations in crosses may be attributed to summation of such effects of over-dominance. The extent to which it is useful to consider heterosis in terms of dominance or over-dominance depends on how far the relations between alleles are constant over the range of genotypes which are being studied. The less this is true, or, in other words the more sensitive is the effect of any substitution to variation in the genetic background, the less useful are these concepts, which may indeed prove mis-leading in so far as they involve a hidden assumption about gene behaviour derived from much simpler situations.
Thirdly, inbreeding decline and heterosis in crosses may be attributed respectively to disruption and restoration of the genetic balance which characterises the normal outbred population. The general idea of genetic balance or a harmonious gene complex has been a commonplace of genetic thought for many years but we have few data relating to the way inbreeding or selection may affect the essential nature of the genetic system with respect to particular characters. MATHER (1943) has recognised this problem, but has dealt with it in terms of the linkage relations of a special kind of gene --polygenes --with hypothetical attributes which are hard to reconcile with what is known of gene behaviour generally REEVE 1952a, REEVE and ROBERTSO~ 1954) . Experimental information is so sparse in this field, that it appears advisable to proceed empirically with as few pre-conceived notions as possible. The problem is further complicated by the likelihood that in studying genetic variation in different characters, which are similar in being amenable to quantitative measurement, we may be dealing with variation of widely different significance in the economy of the organism. The present data, derived from the effect of crossing lines and strains of different size, may now be considered to see what light they throw on these problems and alternative interpretations.
As we have seen, the simple hypothesis of the independent effects of dominance or over-dominance is of little value in helping us to understand the results of the different types of cross. This conclusion is supported by evidence of a different type derived from the effects of interchanging chromosomes between lines which differ in size or show heterosis when crossed (ROBERTSON 1954; ROBERTSON and REEVE, in the press) . The experiments referred to have revealed numerous examples of genetic interaction between non-honmlogous chromosomes, for which the properties of homozygous combinations are largely responsible, especially homozygous combinations which favour smaller size. In the face of such widespread interaction it is obviously impossible to account for the observed heterosis or inbreeding decline in terms of the summation of independent effects. Since it is unlikely that any biologically reasonable scalar transformation can be of much help, we have to adopt a different approach and see how far the apparent regularities in the genetic control of size suggest corresponding properties in the underlying behaviour of gene combinations.
If we consider first, the variation of the relative position of the F 1 in relation to the difference in size between the parents, it is obvious that intermediacy is conditional on the gene complex, and is not to be interpreted in terms of inherent properties of genes which control size. It may be assumed that genes responsible for variation in body size are not operating on a single developmental system, such that genes at different loci can be regarded as interchangeable. Underlying the continuous variation there is doubtless a complex system in which it is theoretically possible to distinguish different sorts of gene action, whose relative importance will influence the properties of the genetic variation of the character under study. If the relative position of the F 1 is conditional, then the occurrence of intermediacy, in which the F 1 shares the attributes of its parents, implies the existence of certain inter-relations among the gene-controlled processes of development. Any regularities in the result of crossing parents of different size provides empirical evidence which may help us to understand the inter-relations in due course.
We may first enquire what are the implications of intermediacy in a cross. With respect to genetic variation at a single locus, intermediacy is usually taken to imply that the alternative contrasted alleles intervene in the same developmental process, variation in the rate or intensity of which is reflected in the eventual phenotype. It has been suggested by WRmHT (1945) that the occurrence of dominance between alleles may imply a low ratio of substrate to the immediate gene products which react with it, since there is likely to be competition between alleles. A high ratio favours more independent effects. In the study of dominance at particular loci, we can usually disregard variation in quantity and quality of substrates which are dependent on the rest of the gene complex. But where variation at many loci is involved, the gene controlled inter-relations which determine the availability and quality of substrates create the really important problem. Gene complexes which favour dominance and intermediacy, might be taken to imply, respectively, intensification and reduction of allelic or, more generally, gene competition. Although detailed speculation as to how such differences may be brought about is not very helpful, when we have only variation in phenotypic size as a measure of effect, any regularities in departures from intermediacy arc of empirical value. The present data are of some interest in this connection.
In general intermediacy does not occur in crosses between inbred lines. When unselected inbred lines are crossed, the F 1 apparently exceeds the size of the larger parent by a fairly constant amount, as if the effect of the haploid complement of the smaller parent merely contributes to the heterosis which is nevertheless limited in its extent by the nature of the complement from the larger ]inc. The controlling influence of the contribution from the larger parent becomes even more evident in crosses between the unselected and small inbred lines, in which the F 1 is very close to the size of the former. Within these crosses, there appears to be a trend in relation to the difference in size between the parents ( fig. 1 ). Thus when small lines are crossed to the smaller unselected lines, the F 1 is almost identical with the latter, but as the parental difference increases, i. e. as the size of the unselected line increases, the F 1 tends to fall short of the larger parent to increasing degree ( fig. 1 ). When the parental difference is further increased by crossing the same small lines to large selected lines it appears that the same trend exists, since the F 1 approximates to intermediacy in the extreme crosses. It is particularly interesting that crosses of small lines to unselected lines should produce an F 1 close to the latter in size, provided the difference in parent size is not too great. It does not appear as if this trend is necessarily related to the peculiar properties of small selected lines, since the same tendencies appear in crosses between the large and unselected lines. Thus the more alike the size of inbred parents, the greater the likelihood of heterosis; the greater the difference the greater the tendency towards the occurrence of an intermediate F 1 . Heterosis in crosses between similar parents means that the same or very similar phenotypes may be associated with different genotypes. The general trend noted above refers to crosses between homozygous parents, so that the F 1 is qualitatively different from the former in being to a greater or lesser degree heterozygous. It appears as if the basis for intermediacy of the F 1 is progressively favoured as such differences between the parents become greater.
These considerations raise the question as to how far the results of crossing homozygous lines may be validly compared with the effects of crossing heterozygous parents, as in the crosses between the large, small and unselected strains at the early stages of selection. It is particularly interesting that the corresponding crosses show parallel tendencies i. e. the F 1 is intermediate in crosses between large and small strains, but shows a positive deviation when unselected and small strains are crossed, while crosses between small strains are accompanied by striking heterosis. In terms of the absolute difference in size. between the parents, it aFpears that intermediacy of the F 1 may occur with smaller differences between heterozygous than between homozygous parents. This is probably related to the generally higher heterosis or positive F 1 deviation in crosses between inbred rather than heterozygous parents. But in spite of the parents being homozygous in one group of crosses and heterozygous in the other, the general picture remains the same and provides a basis for more detailed study of the behaviour of genetic variation, in the mass stock. 2. The large and small strains were created by selection for thorax or wing length. When the strains no longer responded to continued selection they were inbred to establish the lines used in the present tests. A number of inbred lines have been created by inbreeding unselected stocks.
3. Large, small and unselected non-inbred strains descended from three differel~t wild stocks were intercrossed in all possible ways after 6--8 generations of mass selection, which had led to substantial differences. Intercrossing the different small strains led to striking heterosis in the F1; when these small strains were crossed to related or unselected wild stocks the F 1 deviated significantly from the mid-parental value in the direction of the larger parent, but when crossed to the large strain, the F 1 was found to be almost intermediate, except for the crosses involving a perticular small strain. Crosses between different large strains and between large and unselected strains produced slight, but statistically insignificant departures from intermediacy; there was no heterosis in crosses between unrelated, unselected stocks which were very similar in body size.
4. When unselected stocks are inbred by brother sister mating, there is generally a variable decline in body size, equivalent, on the average, to about 2.5% reduction in thorax length. When such long inbred lines are intercrossed the F 1 falls within the normal range of variation of outbred stocks. The size of the F 1 exceeds that of the larger parent by an approximately constant amount and is very little influenced by the size of the smaller parent.
5. W h e n large, small and unselected lines are intercrossed, the F 1 most clearly exceeds the larger p a r e n t when the difference between the parents is slight; there is s t r i k i n g heterosis i n crosses between different small and also different large lin, es. There appears to be a t e n d e n c y toward greater intermediaey of the F 1 as the difference in size between the p a r e n t s increases. T h u s in crosses between small selected lines and the smaller of the unselected lines the F 1 is identical with or closely resembles the larger p a r e n t ; b u t if the same small line is crossed to larger unselected lines the F~ falls short of the latter, while in crosses between large and small selected lines the F 1 is almost intermediate.
6. Phenotypic variability, as measured by the within etilture variation, is consistently higher in the inbred lines t h a n in the crosses between them, and presumably reflects the increased resistance of heterozygous combinations to variation i~ e n v i r o n m e n t a l conditions. 7. These results are considered in relation to the origin of heterosis and a p p a r e n t dominance. A t t e n t i o n is drawn to the general inadequacy of explanations based on the s u m m a t i o n of more or less i n d e p e n d e n t genetic effects while the possible implications of some of the regular features of these crosses are discussed.
